Introduction
Foreign body ingestion is one of the most common problems for gastroenterologists in terms of performing emergency endoscopy. Most ingested bodies pass through the gastrointestinal (GI) tract successfully without requiring intervention [1] . However, sharp objects such as fish bones, medication blister packs, pins, bottle caps, and razor blades increase the risk of GI perforation [1] [2] [3] [4] [5] . Most foreign body ingestion occurs in children and adults with a psychiatric disorder, alcohol intoxication, developmental delay, and neurological disorders with a gag reflex impairment (e.g., Parkinson's disease, poststroke, and dementia). However, foreign body ingestion also occurs in people without these underlying conditions.
Denture ingestion is an important issue in dentistry. Most of these cases occur in elderly people because of their reduced sensation of oral mucosa and poor motor control of the laryngopharynx [6] . Moreover, the accidental ingestion of dentures and dental instruments during dental treatment procedures can occur in any patient. These dental objects have partially sharp parts; thus, there is a risk of perforation when they are ingested. Therefore, endoscopic removal of the foreign body is recommended as the initial choice of treatment because it is less invasive [7] . There are many previous reports on cases of dental object ingestion and their management [6, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . However, few reports have discussed removing them endoscopically. Therefore, the aim of the present study was to retrospectively assess the safety and efficacy of endoscopically removing ingested dentures and dental instruments.
Materials and Methods
Twenty-nine consecutive patients with 29 ingested dental objects who were treated at the Niigata University Medical and Dental Hospital from August 2009 to December 2015 were retrospectively reviewed. Dental objects were defined as dentures and dental instruments in this study. We included patients who were treated at our hospital and referral patients. Characteristics of the patients and the ingested dental objects, the clinical features and findings of radiological imaging tests, and outcomes of endoscopic removal were assessed. Written informed consent to undergo endoscopy and participate in this study was obtained from all the patients.
Types of Dental Objects.
In this study, dentures were divided into four major types: a crown, bridge, partial denture, and other (e.g., a metal core and broken clasps). In addition, a foreign body in this study included the instrument used for dental treatment.
Endoscopic Removal Procedure.
Endoscopic removal was performed using a single-channel GI endoscope (Olympus GIF type Q260, GIF type Q260JI, or CF type PCF-Q260JI; Olympus Medical Systems, Co., Ltd., Tokyo, Japan) with a vital sign monitor in the emergency room or in the endoscopic procedure room at our hospital. When there was a need to secure the field of view or prevent mucosal injury by the foreign body during retrieval, a distal attachment (D-206-02 or D-201-11804, Olympus Medical Systems, Co., Ltd.) was used. Grasping forceps (FG-42L-1, FG-47L-1, or FG 48L-1; Olympus Medical Systems, Co., Ltd.) or a retrieval net (00711187, Olympus) was used as a retrieval device. Intravenous midazolam was administered during the procedure if the patient was anxious or had pain. Carbon dioxide insufflation was used instead of room air when there was a risk of perforation.
Statistical Analysis.
All variables in this study were analyzed using SPSS, version 17 software (SPSS Japan Inc., Tokyo, Japan). Variables between the two groups were analyzed using an independent Student's -test or the Mann-Whitney test. A 2 test and Fisher exact test were performed to analyze categorical variables. All tests of significance were two-tailed, and values < 0.05 were considered statistically significant.
Results

Characteristics of the Patients and the Ingested Dental
Objects. Twenty-nine consecutive patients with 29 ingested dentures and dental instruments underwent endoscopy. Patients' mean age was 62.9 ± 21.0 years (range 6-92 years), with a male : female ratio of 2.6 : 1.0 (21/8). Characteristics of the patients are summarized in Table 1 . Regarding the trigger of dental object ingestion, 19 cases were due to iatrogenic causes (15 dental treatment procedures and 6 intratracheal intubations). There were no significant relationships between the triggers and patients' characteristics: age and the sex ratio. Five patients complained of some kind of symptom on arrival.
Among the patients with a symptom, the locations of the foreign body were as follows: 1 at the esophageal entrance, 2 in the esophagus, 1 in the stomach, and 1 in the duodenum. Ingested dental objects included 23 dentures and 6 dental instruments ( Table 2 ). The symptomatic patients only included those with dentures. The types of dentures in these patients were as follows: 3 partial dentures, 1 bridge, and 1 fractured clasp. No symptomatic patients had a crown. All dental instruments were ingested accidentally during the dental procedure. All patients underwent plain radiography before endoscopy. With the exception of 1 case with radiolucent objects, 28 ingested objects were detected by plain radiography and 3 patients underwent computed tomography to confirm the location of the foreign objects and evaluate the injury. The patient with a radiolucent object (a temporary plastic crown) underwent endoscopy without radiological examination.
Endoscopic Removal Procedure.
In this study, 27 upper GI endoscopies and 2 colonoscopies were performed, and their success rates were 92.6% and 100%, respectively (Table 3) . Retrieval devices were used in 26 cases. The relationship between the ingested objects and the retrieval devices is summarized in Table 4 . Complications occurred in 5 patients. All complications were slight mucosal damage to the GI tract. There were no severe complications such as perforation. There were 2 cases (1 crown and 1 partial denture) of removal failure. In the case with a crown, we could not detect it by endoscopy, and plain radiography showed that it had moved into the jejunum. This patient was followed up by plain radiography, and the crown was detected in the cecum 1 week later; the patient passed the crown 51 days later. The other case of failure had an impacted partial denture in the cervical esophagus. The partial denture was equipped with clasps on both sides, measuring 57 mm by 20 mm (Figure 1) . Using grasping forceps, we attempted to retrieve it endoscopically. However, it was firmly embedded in the esophageal wall. In this case, the risk of perforation was high, so surgical removal was the only possible treatment. The partial denture was successfully removed by cervical incision; the patient recovered uneventfully and was discharged on the thirteenth postoperative day.
Discussion
The present study retrospectively analyzed the endoscopic removal of dentures and dental instruments in consecutive cases for about 5 years. The inadvertent swallowing of dentures is not a rare incident in dentistry. Many previous investigators have reported it in case reports [6, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . However, the safety and efficacy of endoscopic removal of dentures and dental instruments have not been discussed Figure 2 : Retrieval of the partial denture using grasping forceps and a distal attachment.
thoroughly. Our study is the first to focus on the clinical practice of endoscopically removing foreign dental bodies. Our hospital provides dentistry; hence, the cases of ingested dental objects were referred to us directly. When accidental ingestion occurs during dental treatment, dentists must perform radiography and then consult a gastroenterologist or otolaryngologist immediately according to our hospital's protocol. Among the cases of accidental ingestion that occurred in our hospital, the mean durations from the occurrence of accidental ingestion to radiography and endoscopy were 38 ± 16 min (range 20-60 min) and 120 ± 50 min (range 60-190), respectively. To achieve favorable outcomes in cases of accidental ingestion, immediate action by the dentist is essential.
Complications of endoscopic removal such as tears and perforations of the GI tract are also important issues. In our study, there were no severe complications; furthermore, slight mucosal damage occurred in 5 patients. Among these patients, the ingested dental objects included 3 bridges, 1 partial denture, and 1 fractured clasp. This indicates that the risk of mucosal injury is associated with the size of the foreign body, because crowns and dental instruments are generally smaller than bridges and partial dentures. In addition, there were no cases of injury among these aforementioned patients. To decrease the rate of complications, it is presumed that the choice of distal attachment is important. Distal attachments were used in 25 patients during endoscopic removal in this study [23, 24] . Dentures with clasps or interproximal extensions may cause injury, especially in a narrow segment [25] . When the end of the sharp part points toward the proximal side, the risk of injury during the retrieval procedure is increased. One of the distal attachments used in this study (D-2060-2, Olympus Medical Systems, Co., Ltd.) was developed for endoscopic mucosal resection using a cap-fitted endoscope (EMRC) [26] , and it is 18 mm in diameter (Figure 2) . Therefore, this distal attachment provides a protective cover from the sharp parts and a better visual field. To remove partial dentures, we only used grasping forceps. The retrieval net is an effective device for large and slippery foreign bodies. However, when foreign bodies have sharp parts, their sharp parts may stick out through the mess of the retrieval net and thus injure GI tracts. Therefore, the choice of retrieval devices requires attention, depending on the shape of the foreign body [27] .
In the current study, there were 1 case with a crown and 1 case with a metal core detected in the cecum. The case with a crown that was conservatively followed up after removal failure showed prolonged stagnation in the cecum for more than 1 month. According to previous reports, there have been cases of colorectal impaction and perforation. Therefore, when the foreign body fails to resolve on its own, endoscopic removal should be considered [7] .
The limitation of this study was its single-center, retrospective design. To determine the risk of endoscopic removal-associated complications for dental objects, large, prospective, multicenter studies are needed.
Conclusions
Endoscopic removal of ingested dentures and dental instruments is associated with a favorable success rate and acceptable complications. The immediate intervention and appropriate selection of devices are essential for managing ingested dental objects.
